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REPORT NO. 190. 



CORRECTING HORSEPOWER MEASUREMENTS TO A STANDARD 

TEMPERATURE. 

By Stanwood W. Spabbow. 
SUMMARY. 

This report was prepared for publication by the National Advisory Committee for Aero- 
nautics. The relation between the temperature of the air at the entrance to the carburetor and 
the power developed by the engine is discussed. Its scope is limited to a consideration of the 
range of temperatures likely to result from changes of season, locality, or altitude, since its 
primary aim is the finding of a satisfactory basis for correcting power measurements to a 
standard temperature. 

The tests upon which this report is based were made upon aviation engines in the altitude 
laboratory of the Bureau of Standards. From the results of over 1,600 tests it is concluded 

that if calculations be based on the assumption that the indicated horsepower of an engine 
varies iaversely as the square root of the absolute temperature of the carbmetor air the values 
obtained will check closely experimental measurements. The extent to which this relationship 
would be expected from theoretical considerations is discussed and some suggestions are given 
relative to the use of this relationship in correcting horsepower measurements. 

ENTEODUCTION. 

EInowledge as to the change of engine power resulting from a given change of carburetor 
air temperature is essential to the proper interpretation of engine acceptance and standard 
flight tests. In such tests it is not always feasible to maintain a constant carburetor air tem- 
perature but power measurements should be corrected to the same temperature before they 
are compared. Previous work on this subject has been confined chiefly to experimental deter- 
minations of the eSect of changes in carburetor air temperature upon the brake horsepower of 
particular engines. In most early discussions of this subject the volume of charge received by 
the engine in imit time is assumed to be independent of charge temperature. Were this assump- 
tion true the power developed by an engine would be directly proportional to the density of the 
air at the entrance to the carburetor. That such is not the case was shown in Technical Keport 
No. 45 of the National Advisory Committee for Aeronautics. That the volume of charge 
received by the engine in unit time does change with change in temperatm-e was noted in tests 
made at the Bureau of Standards in 1919. Reference to this is made in a paper entitled "Com- 
pression Eatio and Thermal Efficiency of Airplane Engines," published in the Jouxnal of the 
Society of Automotive Engineers for March, 1921. This condition is discussed also by Gage in 
Report No. 108 of the National Advisory Committee for Aeronautics, entitied "Some Factors 
of Airplane Engine Performance." 

In "The Armour Engineer" for March, 1921, White advocates correcting engine power by 
considering it to vary inversely as the square root of the absolute temperature. He shows 
theoretically that the weight of air flowing through a given orifice follows this relation so long 
as the head producing flow remains constant. As evidence that this head does remain constant 
he gives a plot of manifold suction which shows no change over a wide range of entrance air 
temperatures. 
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The report which follows contains the results of tests made upon an aviation engine operat- 
ing under a wide range of conditions of engine speed, throttle opening and entrance air pressure. 
Actual comparisons are made with results obtained with other engines and the factors influ- 
enchig air flow are discussed. 

The major portion of the experimental data discussed in this report was obtained with an 
eight-cylinder water cooled aviation etigiue having a bore of 4.72 inches and a stroke of 5,12 
inches. This engine was supplied with four sets of pistons making it possible to obtain com- 
pression ratios of 5.3, 6.3, 7.3, and 8.3. The engine as mounted in the altitude chamber received 
its air through a pipe from a chamber containing refrigeratkig coUs. In going to tTae engine the 
air first passed over these coils and then over electric heating grids which made it possible to 
obtain the desired entrance air temperature and to maintain it constant during a series of 
runs. Throughout these tests the fuel used conformed to Government specifications for domestic 
aviation gasoline. 

Runs were made at air pressures corresponding to altitudes of 5,000, 15,000, and 25,000 
feet and at approximately full, three-quarters, and one-half load, except when prevented by 
preignition or detonation. The purpose of operating at reduced throttle was to obtain some- 
idea as to the results to be expected with engines whose induction systems offer consider- 
ably more resistance to flow than did that of the engine under test. 

SOURCES OP ERROR. 

That work of this sort requires accurate and sensitive measuring apparatus and means for 
maintaining conditions constant while measurements are being taken is generally appreciated. 
There are some sources of error, however, which are often overlooked with disastrous results. 
One such source is the difficulty of adjusting the air-fuel ratio to give maximum power. 
In some instances tests have been made in which only one run was taken at each temperature. 
The objection to this procedure is that a slight error in the adjustment of the air-fuel ratio 
may cause a greater change in power than a difference in entrance air temperature of 15 or 20° 
C. An even worse situation arises when the adjustment of mixture ratio is left unchanged 
with change in temperature. In this case the change in carburetor air temperature changes 
the power development by changing the air-fuel ratio as well as lihe weight of charge received 
by the engine in unit time. Difficulties arising from an incorrect adjustment of mixture ratio 
have been avoided in the present experiments by taking measurements with several mixture 
ratios at each temperature. Plots of power versus air-fuel ratio show whether or hot the correct 
adjustment for maximum power was made and the maximum power value. 

Another annoying condition which appeared in some of the first runs of this investigation 
was the formation in the induction system of sufficient quantities of frost to actually restrict 
the air flow. To bring about such a condition (1) the air entering the carburetor must contain 
a considerable amount of moisture, and (2) the temperature of this air must drop to the freezing 
point of water. Dangers arising from the formation of large quantities of snow in the induction 
system are discussed in Technical Note No. 65 of the National Advisory Committee for Aero- 
nautics. As far as experimental work is concerned, this trouble is more serious, because loss 
easily recognized, when the formation takes place rather slowly. In such cases the change 
in flow due to the difference in thickness of frost coating, combines with the change strictly 
chargeable to a difference La entering air temperature and so long as temperature changes are 
made in the same direction, a smooth curve results. If, instead of maldng each run at a colder 
temperature than the preceding or in the reverse order, the runs are scattered, then this frost 
formation makes the results erratic and its presence is recognized. Fortunately this condition 
Was recognized in the early rims of this investigation and avoided thereafter by cooling the 
air to a temperature so low that its moisture content was extremely smaU. This comparatively 
dry air was then heated to the desired temperature. In this connection it is of interest that, 
barring this snow trouble, no measureable changes in power have been observed from changes 
in the humidity of the entering air. 
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EXPERIMENTAL RESULTS. 

Figure 1 will serre as an iUustrafcion of tjie general mettod of plotting the results. In the 
center of the figure is shown a group of curves of indicated mean effective pressure plotted 
against fuel consumption in pounds per hour. This is essentially a plot against air-fuel ratio, 
since a change in air-fuel ratio does not change appreciably the rate of air flow. From the maxi- 
mum points shown by these curves the curve of I.M.E.P. versus temperature was plotted. 
Only the curves of this last-mentioned type are shown in Figures 2 to 10. AE of these curves, 
however, were obtained in the same manner as that 
in Figure 1, namely, from plots of I.M.E.P. versus 
pounds of fuel per hour. 

Dotted curves in Figures 1 to lOshowI.if.E.P.'s 
computed from the values at 15° C, as taken from 
the best curve through the experimental points, 
assuming the power to vary inversely as the square 
root of the absolute temperature. 

It will be noted that the maximimi difference 
between the computed and experimental curves is 
less than 2 per cent. Less than half of the tests 
made in this investigation are plotted in Mi is report. 
While the remainder of the tests often contain er- 
ratic points, they show the same general relation as 
Figures 1 to 10. 

In Figure 1 it will be noted that the minimum 
value of pounds of air per indicated horsepower 
hour occurs when the power developed is a maxi- 
mum. This minimum value is practically the same 
for all carburetor air temperatures. If the energy 
obtained per pound of air at the mixture ratio 
giving maximum power is not affected by the car- 
buretor air temperature, then the power developed 
by the engine must be directly proportional to the 
weight of air received by the engine m unit time. 
Hence if the I.M.E.P. shown in Figure 1 varies nearly inversely as the square root of the absolute 
temperature, it follows that the weight of air received by the engine in unit time must vary in 
the same manner. Such is the case and the I.M.E.P, curve is also a curve of pounds of air 
per hour as shown by the scale at the right. 

That other engines show similar characteristics is shown in Figures 11, 12, and 13. In 
these figures are plotted ratios of poimds of air per hour at various temperatures to pounds of 
air per hour at a carbiu-etor air temperature of +15° 0. These curves are comparable to the 
I.M.E.P. cmrves of Figiu-es 1 to 10 for with these engines also no appreciable change in the 
power developed per pound of air per hour resulted from a change in the carburetor air temper- 
ature. As before, the dotted lines in the figure show values based on the'assumption that the 
weight of air received by the engine in unit time varies inversely as the square root of the 
absolute temperature. The greatest difference between the calculated and experimental results 
occurred with the 6-cylinder engine and is shown in Figure 11. Even this is less than 3 per 
cent. For the other engines, a 12-cylinder and an S, the experimental and calculated results 
agreed within 2 per cent. 

Considering the wide range of conditions under which these measurements have been made 
and the difference between the engines, the experimental evidence seems to Justify the con- 
clusion that with aviation engines the power varies very nearly inversely as the square root of 
the absolute temperature over the range of temperatures covered in these tests. Figure 14 
gives an idea of the magnitude of changes in some of the quantities discussed thus far. 
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THEORETICAL CONSIDERATIONS. 

The next step is to consider the manner in which changes in carburetor air temperature 
bring about changes in power and to see to what extent this experimentally determined method 
of correcting power measurements to a standard temperature can be justified theoretically. 
Variation in engine power must in all cases arise either from (1) change in power per unit weight 
of charge per unit time (degree to which unit weight of charge supplied at a given rate is uti- 
lized), or (2) variation in weight of charge received by engine per unit time. 

The thermal efficiency of an engine, the ratio between the energy developed with and the 
calorific power of unit weight of charge depends almost entirely upon the expansion ratio as 

does the so-called air cycle efficiency with which it is 
usually compared. Air cycle efficiency is given by the 
expression 

where 

E= ail- cycle efficiency. 
r= expansion ratio. 
n= 1.4 for air. 

It will be noted that air temperature does not enter 
into the above expression for thermal efficiency. 

However, in actual operation there are at least two 
ways in which the energy derived from unit weight of charge 
might be affected by the temperature of the air entering the 
carburetor. In the first case the energy per unit weight of 
charge might be less with a high temperature than a low 
temperature because the proportion of spent gases to new 
charge is greater under such conditions. This is a direct 
consequence of the reduction in weight of charge with in- 
crease in entrance air temperature. The less the weight of 
fresh charge the greater \vill be its temperature when mixed 
with the spent gases in the clearance space. The higher the 
temperature of the gas at the end of the compression stroke, 
the lower will be the ratio of explosion pressure to compres- 
sion pressTire. Moreover, the greater the ratio of inert gas 
to fuel, the less will be the increase in temperature pro- 
duced by combustion and this further decreases the ratio 
of explosion to compression pressure. Although in some 
cases the experimental results showed indications of this 
tendency, namely for the energy output per pound of air to 
decrease vrith increase in temperature in general the I.HP per pound of air per hour remained 
constant. This conclusion is' strengthened by the fact that no great differences in elBLcioncy 
are observed ordinarily between full and part throtiLe runs where tlxe difference in charge 
weights is greatly in excess of that ever produced by changes in carburetor air temperature. 

Another way in which the energy derived from unit weight of charge might be influenced 
by the entrance air temperature is dependent upon the influence of this temperature upon the 
vaporization of the fuel. A change in entrance air temperature may change the amount of fuel 
that remains to be vaporized during the compression stroke. Any influence of this sort would 
tend to decrease the power output per pound of air with, decrease in carburetor air temperature. 
With fuels in common, use, however, the loss in power that would be entailed even if all the 
heat of vaporization came from the heat of compression is extremely small. Furthermore, in 
present day engines a iuU load it is probable that the heat given the charge by the clearance 
gases and by the combustion chamber walls is sufficient to vaporize any fuel not vaporized be- 
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fore reaching tiie cylinder. It seems unlikely iiterefore that the power deTeioped per pound 
of air per hour should change appreciably from this influence. 

If the efficiency is unaffected by entrance air temperature as has just been shown for aU 
practical purposes to be the case, then any change in power caused by a change in carburetor 
air temperature must be caused by and be directly proportional to a change in the weight of 
charge receired by the engine in unit time. 

AIR PLOW. 

~ The next step is a consideration of how much the weight of air received by the engine in unit 
time is changed by a change in temperature. This weight is the product of the volume 
received in unit time and the density of the air, namely, its weight per unit volume. The volume 
occupied by the fuel is so smaU that no appreciable error is iatroduced by considering in this 
discussion the air alone rather than the air and fuel. The density of a gas varies inversely as 
its absolute temperature. This narrows the question to the effect of changes in carburetor air 
temperatures upon the volume flowing in unit time. . Although equations for air flow are given 
in a great variety of forms, an examination will reveal that all show the velocity of flow to 
vary directly as the sqiiare root of the absolute temperature.* Hence the volume flowing in 

unit time at an absolute temperature of A degrees is^j ^ times the volimie flowing ia umt time at 

an absolute temperature of B degrees. It remains to investigate the factors determining the 
pressure difference which produces the flow. 

The flow iato the engine may be considered as the result of the following events, occurring 
in the sequence mentioned: (1) Motion of the piston causing an increase in the volume above the 
piston; (2) a decrease ia the pressure of the gases above the piston caused by their expansion 
to fill the increased volume; (3) flow caused by the difference between the pressures within and 
without the cylinder. What is the effect of a change in entrance air temperature ? Obviously 
the motion of the piston is not changed. Moreover, the percentage change in pressure result- 
ing from adiabatic expansion of a gas depends solely upon the percentage change in volume 
and is independent of the temperature of the gas. Hence what might be termed the external 
conditions governing flow are uninfluenced by a change in entrance air temperature. It does 
not follow that the average pressure difference producing flow is unaffected by a change in 
entrance air temperature. The explanation foUows. Flow into the cyMnder takes place because 
the pressure within the cylinder is less than atmospheric. As a consequence of this flow the 
difference in pressure is reduced. A reduction in the pressure difference causes a reduction in 
flow. 

It is apparent, therefore, that the pressure difference producing flow during any portion of 

the stroke depends not only upon the external conditions mentioned above, but also upon the 
flow that has occurred earher in the stroke. An increase in the flow in any int-erval of time 
such as would result from an increase in entering air t-emperature would reduce the pressure 
difference causing flow and hence in so far as the flow is governed by the pressure head would 
reduce the flow in the next interval of time. An fllustration of rather exaggerated conditions 
will emphasize the fact that some condition of this sort must exist. Suppose the areas of all 
the passages in the induction system of an engine now having a volumetric efEciency of 70 per 
cent to be doubled. No one would expect a volumetric efficiency of 140 per cent despite the 
fact that with a given pressure difference the amount of flow depends directly upon the area 
of opening. 

From the foregoing it is evident that although with any pressure difference air flow (on a 
volume basis) varies directly as the square root of the absolute temperature, the influence of 

this effect in an actual engine is dependent upon the magnitude of the pressure difference which 
produces the flow. If this pressure difference be large it wifl be affected but little by a change 



1 An analytical treatment of air flow into an engine cylinder is given by Mr. E.G. Kemble in National Advisory Co mmi ttee for Aeronautics 
Report No. 50, entitled "Calculation of Low Pressure Indicator Diagrams." 
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ia flow. Hence a cliange in temperature will cause a change in volume rate of flow more nearly 
in proportion to the square root of the absolute temperature than when the pressure difference 
is small, namely, when the volumetric efSciency is high. 

In Figure 15 are shown pressures prevaiHng during the suction stroke of an engine. These 
values are based upon an actual indicator card but have been modified to eliminate changes 

ill pressure due to heating the charge after it en- 
tered the cyHnder or to "ramming" eilects. The 
full line shows the pressure at —15° C. The 
dotted curve shows the pressures that would 
result if the entrance air temperature were +40° 
C. This curve was calculated from the full line 
curve according to the method described in 
Appendix 1. 

On a volume basis the actual increase in 
flow with the higher temperature was only 2 per 
cent while the increase would have been 10 per 
cent if the pressure difference at each point 
in the stroke had been the same at +40° G. as at — 15° C. _ It must be concluded therefore that - 
the fact that the volume of air flow in engines does increase as the square root of the absolute 
temperature can only be accounted for partially by the fact that with any pressure difference 
air flow varies as the square root of the absolute temperature. 

There must then be some other factor which affects the amoimt of charge received by the 
engine to an extent dependent upon the entering air temperature. This factor appears to be 
the heating of the charge in its passage to the 
engine. As the charge passes through the induc- 
tion system it receives or loses heat and its velocity 
must be affected thereby. 

The amount of heating that takes place even 
in aviation engines where every effect is made to 
make the induction system short and unrestricted 
is quite appreciable. What is of most importance 
as far as this report is concerned is that the amoimt 
of this heating is considerably influenced by the 
entering air temperature. In the upper part of 
Figure 16 is shown for on^ of the engines used in 
these tests the difference between the temperature 
of the charge when it enters the carburetor and 
when it leaves the manifold. These measurements 
were made with the engine driven by the .dyna- 
mometer and with the fuel supply shut off. It 
will be observed that there was an increase in tem- 
perature of approximately 15° C. at an entrance 
temperature of — 15° C. and of only 5° at an en- 
trance temperature of +40° C. 

In Figure 16 are also plotted temperature 
changes measured when the engine was operating ^'"^"^^es^*"^* "'^^ 

under its own power. The temperature decrease, 

or more properly the absence of a temperature increase sho\vn by these curves, may be attri- 
buted at least in part to the heat Avithdrawn from the charge in vaporizing the fuel. There is 
always some doubt as to the validity of measurements of manifold temperatures when liquid 
fuel is present. Readings may be influenced by Hquid depositing on and subsequently vapor- 
izing from the thermocouple. However, such measurements give at least qualitative evidence 
that a change in the amount of heat suppUed the charge accompanies a change in entrance 
air temperature. 
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In general an improvement in Tolnmetric efficiency -would be expected from any increase 
in tlie amount of vaporization taking place before tKe closing of the inlet Talve. TKe reason 
foI[o-ws: With, entrance air temperatures ranging from —20 to -f 40° C. and with a misture 
ratio of 14 pounds of air per pound of aviation gasoline, complete vaporization of the fuel would 
reduce the charge temperature 20° C. provided the charge furnished ah the heat for this vaporiza- 
tion. Because of the greater volmne occupied by the fuel vapor than by the hquid, the pres- 
sure would tend to increase while a decrease in pressure would result from the decrease in tem- 
perature. The net result in the case cited would be a decrease in pressure of about 5 per cent. 
If, in the above case, all the heat of vaporization were supplied from external sources aji increase 
in pressure of at least 2 per cent would result. In actual practice the heat of vaporization is 
usually supplied in part by the charge and in part externally. Hence increasing the amoimt 
of vaporization prior to the dosing of the inlet valve would be expected to increase very slightly 
the volumetric efficiency. 

Judged from an experimental standpoint the amount of vaporization would seem to have 
little or no effect on the volumetric efficiency. Curves B and G of Figure 16 are of interest in 
this connection. It will be noted that curve B shows an abrupt change of slope at a carburetor 
air temperature of about 26° 0. Presumably at this temperatm-e practically ail of the fuel 
was vaporized before passing the point where the manifold temperature was measured. At 
lower temperatures an increase in carburetor air temperature was accompanied by an increase 
in the amount of fuel vaporized and the drop in temperature was thus increased. At higher 
temperatures since there could be no increase in the amount of fuel vaporized, no such change 
could occur. The chief item of interest is that there is no corresponding break in the curve of 
volumetric efficiencies, curve 0. This comparison may not be as significant as at first appears 
for the reason that at all of the entrance temperatures vaporization may have been complete by 
the time the charge reached the cylinder. If this were the case the change in volumetric effi- 
ciency would not be due primarily to a difference in the location at which the heat interchange 
took place. The lower curves are not open to this objection. That at the left shows the differ- 
ence in temperature drop that resulted from a change in air-fuel ratio. That at the right 
shows that no corresponding change in volumetric efficiency occurred. Although a difference 
in the amount of fuel vaporized must have resulted from each change in mixture ratio, there was 
evident no change in volumetric efficiency. 

The discussion that has immediately preceded serves merely to explain qualitative results 
that have been already obtained experimentally. Its justification lies in the fact that even 
qualitative information as to the relative influence of the various factors that affect the change 
in power with change in entrance air temperature enables one to estimate the range of applica- 
tion of any factor experimentally determined. Thus in the case of the heat interchange that 
takes place as the charge passes from the carburetor to the cylinder, it is more important to know 
how much the amount of this heat interchange will differ with different engines than to know what 
the actual amount with any one engine is. Although more heat than that necessary to vaporize 
all the fuel might be supphed with a view to increasing the rate of vaporization, such a course is 
not probable, in aviation practice at least, because of the decrease in maximum power it would 
entail. 

The foregoing analysis may be summarized as follows : With an increase in entrance air tem- 
perature the weight per cubic foot of charge decreases, varying inversely as the absolute tem- 
perature. The volume of charge received by the engine in unit time increases from two principal 
causes (1) because if the pressure difference were the same at two temperatures the velocity of 
flow would vary as the square root of the absolute temperature; and (2) because the amount 
of heat received by the charge (in its passage to the cylinder) is decreased or the amount of heat 
lost by the chaige is increased -vnth. increase of entering air temperature. Both (1) and (2) 
are affected by engine design but changes which increase the former usually decrease the latter. 
Moreover, it is unlikely that engine designs wfll differ sufficiently to cause wide variations in 
either of these influences. Theoretical considerations thus support the experimental evidence 
that the effect upon volimietric efficiency of a change in carburetor air temperature does not 
differ greatly with different engines. 
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APPLYING THE CORRECTION FACTOR. 

The foregoing indicates that corrections made according to the assumption that the power 
Taries inversely on the square root of the absolute temperature will be extremely close in the 
majority of cases. A few words regarding the use of the correction factor are appropriate. 
First of all it should be noted that it applies strictly tojndicated horsepower. There is no meas- 
urable change in friction horsepower %vith change in carburetor air temperature and this must 
be considered when correcting brake horsepower since brake power is the difference between 
I.HP and F.HP. Assume an engine operating at certain speed at which the friction horsepower 
is 40. Suppose it develops 400-brake horsepower at an entrance air temperature of — 20° C. and 
the brake horsepower it would develop at +40° C. is desired. The first step is to determine the 
indicated horsepower which is the simi of the brake horsepower and the friction. In this case, 
I.HP = B.HP + F.HP = 400 + 40 = 440. Since the I.HP varies inversely as the square root of the 

V273 20 
273 + 40 ^^^^ which equals 396. Since 

the friction horsepower will still be the same, namely 40, the brake horsepower will be 39G — 40, 

which equals 356. 

If a great deal of work of this sort_were to be done, a chart such as that shown in Figure 17 
might prove convenient. This chart is primarily for correcting brake horsepower measurements 
to a standard entrance air temperature of +15° C. It, of course, requires knowledge of the 
friction horsepower but the brake horsepower correction factor can be read directly from the 
chart using the curve fort he ratio of F.HP to B. HP corresponding to the case under consideration. 

Assume as before that. B.HP = 400 ; F.HP = 40 and carburetor air temperature = — 20° C. If 
it is desired to correct the B.HP to an air temperature of 15° C. the method is as follows: 
F HP 40 1 

BTHP ~ 400 ~l0" Figure 17 select the proper correction to — 20° C. and a .10 ratio of F.HP 

to B.HP. This factor is 0.932, which multiplied by 400 gives the desired value, namely 373. 
If the power at a temperature of +40 is desired as in the first example, another step is involved, 
namely, the determination of the factor giving the ratio between the power at +15° 0. and 
+ 40° 0. This is selected in the same way as before and is found to be 1.047. Evidently 
B.HP at 40° C. B.HPat+15 B.HPat+15 „ ~ ' „ i*- i • x^nwnon^ 

BllFar^20^^ B.HPat -2Q ^KHF^^'^-^^^ ^ 1.047 =0.890. Multiplymg 400 X 0.890 

gives 356 as before. 

Freqtiently the density (weight per unit volume) of the air at the entrance to the carburetor 
is specified instead of its pressure and temperature. A change of density may be brought 
about by a change in pressure, temperature, or both. If the temperature remains constant 
and the change in density is due to a change in pressm-e then the change in power will be directly 
proportional to the. change in density. If, on the other hand, the pressure remains constant 
and the change in density is due to a change in temperatixre, then the change in power will be 
proportional to the square root of the density." There will be less likelihood of error if before 
making corrections the pressures and temperatures are specified and the corrections applied 
independently considering the I.HP to vaiy directly as the barometric pressiu:e and inversely as 
the square root of the absolute temperature. 

The above calculations have been based on the assumption that the adjustment was such 
as to give the same mixture ratio or that giving maximum power in each instance.^ If this is 
not the case no general correction factor is applicable. It must be remembered that leaving 
carburetor adjustments unchanged when changing the entrance air temperature does not 
prevent but usually produces a change in air fuel ratio. For a given pressure difference loss 
weight of air flows the higher its temperature. If now the air temperature be increased and the 
temperature of the fuel remains unchanged then at the same pressure as before the fuel flow 
«pill be the same and hence tbe mixture will become richer. 

" This assumes that the cjiange in temperature does not cause large diflerences in distribution. 
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Figure 18 shows some measurements of fuel flow when only the temperature of the carbu- 
retor air was changed. It wiU be observed that for a given position of the mixture ratio control 
lever the same weight of fuel flowed regardless of the carburetor air temperature. An increase 
in carburetor air temperature is accompanied usually by an increase in temperature of the fuel. 
Provided the decrease in viscosity has a greater influence on the flow than the decrease in 
density the fuel flow, on a weight basis, will increase. This is usually the case and the mixture 
becomes enriched from this source also. The magnitude of the viscosity effect is governed 
largely by the design of the fuel nozzle. This is discussed to some extent in Report jSTo. 49 
of the National Advisory Committee for Aeronautics in that section entitled "Discharge Charac- 
teristics of Fuel Metering Nozzles in Carburetors." Some experiments were made more 
recently at this bureau in which a mixtxire of 40 per cent benzol and 60 per cent gasoline was 
flowed through a ]efc actually mounted in a carburetor. A head of fuel was maintained practi- 
cally equivalent to the pressure difference existing at the jet under full throttle operation. 
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The weight of fuel flow decreased about 9 per cent when the temperature of the fuel was 
reduced from 5° C. to —25° C. The increase in air Sow for such a change would be about 6 

i 06 

per cent. Under such conditions the mix ture ratio would be "^^ = 1. 16 or 16 per cent leaner 

than before. The effect upon the power development of an engine of such a change on mixture 
ratio depends upon what mixture existed before the change took place. Consider the figure in 
the lower part of Figure 18. If the mixture before the change took place was that giving the 
LM.E.P. shown at A, the enrichening would cause an appreciable increase in power. If it were 
that shown at B there would be no considerable increase in power, but a marked decrease in 
economy.^ 



s With the air port control type ot carburetor, the square root correction factor is not directly applicable to power measurements eren when 
the mixture is adjusted for maiimuin power. Carburetors of this tjpe are designed so that more charge weight Is supphed the engine as the charge 
is raadeleaner. Maximum power is obtained when the increase in charge weight produced by further morement of the adjusting lever would be 
offset by the decrease in power producing ability of the charge. A^sumesuchacarburetoradjastedformaximuia power. Anlncreaseincatba- 
retor air temperature wUl increase the richness otthe mixture and the power producing ability of unit weight of the charge. This will partially 
offset the decrease in charge weight resulting from the higher temperature. MoreOTer, if an adjustment is then made for ma^dmum power the 
weight of charge will be increased stUl more. Hence one might actually get an increase in power with increase in temperature. The general 
principle of these carburetors is described in Technical Note No. 39 ot the National Advisory Committee for Aeronautics entitled " High Thermal 
Effideney in Airplane Serriee." 
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It is generally recognized that a change in entrance air temperature ■will change the rate of 
vaporization and for that reason will change the distribution. A natural question is "Why 
does not this affect the amount of po-wer developed ?" The curve in the lower part of Figure 18 
throws light on this also. Consider this curve to represent the conditions in a single cylinder 
of the multi-cylinder engine since its shape is very sinotilar to that of curves obtained in a similar 
manner with single-cylinder engines. With perfect distribution and the mixture adjusted for 
maximum power of the engine each cylinder would receive the same amount of fuel. For an 
8 cylinder engine this would be one-eighth of the amount shown for point B. If now the distribu- 
tion becomes so poor that some cylinders must receive the mixture shown at C in order that 
others may receive the mixture at B, the fuel consumption will be greatly increased but the 
power will not he changed to any extent. 

CONCLUSIONS. 

It is concluded that the assumption that the indicated power of an engine varies inversely 
as the square root of the absolute temperature has sufficient justification to warrant its adoption 
as a basis for correcting horsepower measurements to a standard temperature. The factor is 
only applicable when the air-fuel ratio is adjusted to give the same mixture ratio or a maximum 
power mixture ratio at each temperature. Its range of application is believed to extend at 
least from entrance air temperature of —40° C. to +60° C. and there is no evidence that it 
would not be applicable at higher temperatures. 
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CALCULATION OF CURVES SHOWN IN FIGURE 15. 

As stated in the text, the full Ime curve of Figure 15 represents pressures existing during 
the suction stroke of an engine with, in this case, a carburetor air temperature of — 15° 0. The 
curve is hased upon an actual indicator card but the pressure values have been modified to 
eliminate any effect due to heating of the charge after it had entered the cylinder or to the 
"ramming" action of the gas. The dotted curve shows the pressures that would exist if the 
entrance air temperature were 40° C. other conditions remaining the same. It was calculated 
as follows: Piston positions were selected as indicated in column A of Table I and the flow 
was calculated for the intervals in which the piston passed from one position to the next. The 
first step was the calculation of the values given ia colmnns A, B, C, D, E, F, and G of Table I, 
all of which are related to the curve for an entrance air temperattire of — 15° C. Stroke and 
pressure, columns A and B, are read directly from the full line curve. 

Assuming a piston of imit area makes the stroke volume column C the same as the stroke 
column A. The equivalent volume at an atmospheric pressure of 14.7 potrnds per square inch 
is calculated on the assmnption that the charge has expanded adiabaticaUy from atmospheric 
pressure to the pressure in the cylinder according to the welL-known relation piV^^-^=p2'>>2^'*' 
in which is 14.7; the pressure given in column B; the volume to be determined for column 
D ; and the volume given in column C. Column E gives the volume received during each inter- 
val and is also based upon a standard barometric pressure of 14.7. Values in column E are 
derived from column D merely by subtracting from the total volume at any stroke position the 
total Tolinne at the stroke position immediately above it. Pressure differences given in colmnn 
F are obtained by subtracting from 14.7 the pressure recorded in column B. Taking the square 
root of the values in column F gives the values of column G. 

The values in the remaining columns resiilt from calculating the flow when all conditions 
are the same except that the carburetor air temperature is -r40° C. instead of —16. For 
reasons fully explained in the text the volume of flow at any pressure difference varies directly 
as the square root of the absolute temperature. It is also explained that with a change in flow 
there will be a change in pressure difference. Moreover, it is known that the velocity of flow 
varies directly as the square root of the pressme difference. Hence if the pressure were known 
for any two piston positions the flow at an entrance air temperattire of +40° 0. could be deter- 
mined by multiplying the corresponding flow with an entrance air temperature of —15° C. by 

o'jgLiQ average of the square roots of the pressure heads 

at the two piston positions for thp carburetor air temperature of -^40° C. to the similar average 
for -15° C. 

The scheme here employed was to guess the pressm-e head at each stroke position and then 
calculate the flow as mentioned above. Having obtained the flow the pressure head coxfld be 
calculated and if it did not agree with the "guessed" value the process was repeated until 
satisfactory agreement was obtained. Referring again to Table I, column H shows the guessed 
pressure differences that proved to be correct. Golimm I shows the ratio between the flow 
at +40° C. and - 15° C. For the flow while the piston was moving from 0.1 to 0.2 this ratio 

was as follows: 

/ 2.73+4Q 1.4+1.649 1.516 + 1.76 
V273-I5 2 2 ■ 

The flow as tabulated in column J is the product of the factor in colimm I and the flow 
tabulated in column E. Addition of the flow for each interval gives the total flow for column K. 
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Column L is calciilated according to the relation PiV^^-'^^p^v^^-* where ^^ = 14.7; the value 
desired; the value given in column K, and t^ie value given in column C. Plotting the values 
of column L gives the dotted curve of Figure 15. 
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A 

Stroke 
in inches. 


B 

Pressure 
in pounds 
per 
square 
inch, 


C 

Stroke 
Tolume, 


D 

Eaulva- 

lent 
volume at 
pressure 
of 14.7. 
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Increase 
in volume 
during 
previous 
interval. 


F 

Pressure 

diCferenoe 
at air 
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Volume 
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